The purpose of this study was to evaluate the efficacy of narrow-band imaging (NBI) as a diagnostic tool for detecting bladder tumors during cystoscopy compared with white light cystoscopy (WLC). Materials and Methods: From December 2013 to June 2017, a randomized prospective study was conducted on 198 patients underwent transurethral resection of bladder tumor by a single surgeon. The patients were divided into two groups according to diagnostic method. In Group I, WLC only was performed. In Group II, NBI was additionally performed after WLC. We analyzed the rate of detection of bladder tumors as a primary endpoint. In addition, we evaluated rates of recurrence in each group. Results: There were no significant differences between the two groups in characteristics except hypertension. In the analysis of rates of detection, the probability of diagnosing cancer was 80.9% (114/141) in the WLC group, and the probability of diagnosing cancer using WLC in the NBI group was 85.5% (159/186). After switching from WLC to NBI for second-look cystoscopy in the NBI group, NBI was shown to detect additional tumors with a detection rate of 35.1% (13/37) from the perspective of the patients and 42.2% (27/64) from the perspective of the tumors. The 1-year recurrence-free rate was 72.2% in the WLC group and 85.2% in the NBI group (p=0.3). Conclusions: NBI had benefits for detecting tumors overlooked by WLC. Although the difference in the 1-year recurrence-free rate was not statistically significant, our results showed a trend for higher recurrence in the NBI group.
INTRODUCTION

Efficacy of narrow-band imaging cystoscopy
former accounts for about 75% and the latter about 25% [1] . Currently, the most common method of diagnosing and treating NMIBC is by transurethral resection (TUR) using white light cystoscopy (WLC). However, WLC has several limitations, and there is a high rate of recurrence at the time of NMIBC diagnosis and follow-up. A small, flat lesion that was in fact a tumor or carcinoma in situ (CIS) and that was overlooked at the time of initial diagnosis and surgery can result in recurrence [3] . These undiscovered flat lesions are likely to recur (approximately 61% at year one and 78% at year five) and may even progress to invasive bladder cancer (about 17% at year one and 45% at year five) [4, 5] . Because of these high rates of prevalence and recurrence, bladder cancer is a major burden on medical insurance and the economy [6] .
Therefore, a need exists for better detection methods to avoid missing NMIBC. One such method is photodynamic diagnosis (PDD) and another is narrow-band imaging (NBI) cystoscopy. PDD uses porphyrin-induced fluorescence cystoscopy. Photoactive porphyrins, such as hexaminolevulinate or 5-aminolevulinic acid, accumulate preferentially in neoplastic tissue and emit red fluorescence under blue light [3] . NBI uses light at wavelengths of 390 to 445 nm and allows the microvessels to be seen more clearly than with WLC. NBI can detect small lesions or CIS that is not easily seen [7] . NBI is useful in the detection of early-stage cancer in gastrointestinal endoscopy and is therefore expected to play an important role in the detection of NMIBC [8] . In 2008, Bryan et al. [9] published the first study on NBI cystoscopy in 29 patients with recurrent urothelial carcinoma. They concluded that 41% more tumors could be detected with NBI than with WLC. Other studies have also shown that NBI cystoscopy detects more tumors than does WLC [10] [11] [12] [13] . In addition, several recent meta-analyses have shown that NBI is effective for detecting flat and abnormal lesions such as CIS. However, despite these reports, NBI is not yet routinely used for diagnosis. This prospective, randomized study compared the rates of detection and recurrence at 1 year between NBI and WLC.
MATERIALS AND METHODS
From December 2013 to June 2017, we performed a prospective, randomized, single-blind study to compare WLC and NBI in 198 patients who underwent transurethral resection of a bladder tumor (TURBT) by a single surgeon at a tertiary referral center. The patients were randomly divided into the NBI (experimental) and WLC (control) groups. Randomization was conducted by means of a computer-generated random sequence of numbers (simple randomization). We compared the detection rates between the groups. The study was approved by the institutional review board of our center. This study was registered in the Korea University Anam Hospital clinical trial center (approval number: MD13008).
Inclusion and exclusion criteria
Patients who underwent TURBT as the result of a suspicion of a bladder tumor discovered by use of cystoscopy or another imaging study were included, whereas patients with muscle-invasive tumors, those undergoing radical cystectomy, those receiving chemotherapy or radiotherapy, and those with nonurothelial carcinoma were excluded. Also, patients who were not histologically diagnosed with cancer, those lost to follow-up, and those who died for other reasons were excluded.
Detailed methods
All patients were initially examined with WLC and suspicious lesions were recorded. In the control group, all suspicious areas were resected and histological examination was performed in the operating room. In the experimental group, as in the control group, all suspicious areas identified under WLC were resected and NBI cystoscopy was then performed. Additional resection and biopsy were performed on the suspicious areas under NBI. Both groups were followed for up to 1 year postoperatively, and TUR was performed in patients suspected of having recurrence. Before procedures, patients eligible for the study were contacted by medical staff and provided with verbal and written information. All participants were required to sign informed consent forms.
End points and statistical methods
The primary study endpoint was the identification of tumors in each group and the number of tumors additionally diagnosed as urothelial carcinoma by use of NBI. The secondary endpoint was the recurrence rate after 1 year of follow-up. In addition, outpatient preoperative data including age, sex, weight, height, comorbidity (hypertension, diabetes mellitus, etc.), hematuria, urinalysis, urine culture and cytology, tumor size, and tumor location were analyzed. Postoperative factors that could affect our results were collected and included the duration of surgery, previous TURBT history, and postoperative intravesical therapy (bacille Calmette-Guérin or mitomycin C). Surveillance WLC was planned for all patients at the 1-year follow-up; if tumor recurrence was suspected, histologic confirmation was obtained with TUR. Student's t-test and the Mann-Whitney test were used to compare variables between the two groups. The estimated recurrence-free rate was obtained by using Kaplan-Meier analysis. The log-rank test was used to compare the KaplanMeier curves between the two groups. All analyses were performed by using IBM SPSS Statistics software (ver. 20.0; IBM Co., Armonk, NY, USA). The p-values <0.05 were considered statistically significant.
In addition, we consulted a statistical expert to calculate the appropriate sample size. We determined that 55 patients in each group were needed for a reliability power of 80% with a 10% rate of follow-up loss. This value was obtained by use of the Medcalc (ver. 16.4. 1) statistical program. In our study, the actual number of enrolled patients was 198, but 46 patients were excluded by the exclusion criteria. Therefore, the actual number in our study was a total of 152 patients (67 and 85 patients in the WLC and NBI groups, respectively). The flow chart showing patient enrollment is provided in Fig. 1 .
RESULTS
From December 2013 to June 2017, a total of 198 patients were enrolled. Of these, 97 were in the WLC group and 101 were in the NBI group. A total of 46 were excluded (MIBC and/or radical cystectomy: 36; systemic chemotherapy: 7; nonurothelial tumor: 3). Of 152 patients who met the criteria, 67 were in the WLC group and 85 were in the NBI group. A flow diagram of the trial protocol is shown in Fig. 1 .
The baseline characteristics of the patients are shown in Table 1 . Other than hypertension, there were no significant differences between the two groups in age, sex, body mass index, presence of diabetes mellitus, current smoking, smoking duration, or other parameters (Table 1) . There was no statistically significant differences in operative time between the two groups (p=0.864), with an average of 30.22 minutes in the WLC group and 29 minutes in the NBI group. In addition, there was no statistically significant difference in hematuria (p=0.472), grade (p=0.93), or cytology (p=0.543) between the two groups. Tumor size (p=0.26) and location (p=0.671) did not differ significantly between the two groups (Table 1) .
Twelve patients in the WLC group had no evidence of cancer, 2 had CIS, 37 had Ta cancer, and 16 had T1 cancer ( Table 2 ). Thirteen patients in the NBI group had no evidence of cancer, 3 had CIS, 52 had Ta cancer, and 17 had T1 cancer. The cancer detection rate in the WLC group was 82. 1% (55/67), and the probability of diagnosing cancer with first-look WLC in the NBI group was 84.7% (72/85). We then switched from WLC to NBI for second-look cystoscopy. At that time, the number of patients suspected of having a tumor was 37, of whom 24 had no cancer, 6 had CIS, 5 had Ta cancer, and 2 had T1 cancer. The detection rate was 35. 1% (13/37). One of these patients had no tumor on WLC but was found to have CIS on NBI cystoscopy.
Of 141 tumors detected in the WLC group, 27 were not cancers; of 114 cases diagnosed with cancer, 11 had CIS, 76 had Ta cancer, and 27 had T1 cancer. Of 186 tumors detected in the NBI group, 27 were not cancers; of 159 cases diagnosed with cancer, 10 had CIS, 108 had Ta cancer, and 41 had T1 cancer on first-look WLC. Therefore, the probability of diagnosing cancer was 80.9% in the WLC group (114/141), and the probability of diagnosing cancer using WLC in the NBI group was 85.5% (159/186). Then, as before, we switched from WLC to NBI for second-look cystoscopy in the NBI group. Of 64 suspicious lesions, 37 were not cancers, 12 were CIS, 11 were Ta cancer, and 4 were T1 cancer. The detection rate was 42.2% (27/64). Except for those patients with no cancer, a total of 127 remained. At the 1-year follow-up, 74 patients remained after exclusion of those who died for other reasons, those who were lost to follow-up, and those who were excluded for other reasons. Of these 74, 35 were in the WLC group and 39 were in the NBI group.
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The recurrence rate in each group is shown in Fig.  2 . The 1-year recurrence-free rate was 72.2% in the WLC group and 85.2% in the NBI group, without a statistically significant difference between the groups (p=0.3). However, the recurrence-free rate tended to be greater with NBI than with WLC.
DISCUSSION
Although approximately 10 years have passed since the introduction of NBI in a urologic setting, it is still not being routinely used in NMIBC. However, several studies have shown that NBI is more effective than WLC in NMIBC. Bryan et al. [9] , who first introduced NBI in the urologic setting, found that 15 additional urothelial carcinomas were detected in 12 of 29 patients (41%). These urothelial carcinomas were not found with WLC and could account for early recurrence of disease. In a prospective study published by Cauberg et al. [14] in 2010, TURBT was performed in a total of 95 patients, of whom 78 were diagnosed with urothelial carcinoma. Of these 78, additional tumors were diagnosed in 28 (35.9%) with NBI, and 39 (17.3%) were only found with NBI among a total of 226 tumors. Other studies also concluded that detection rates can be increased with the use of NBI [15, 16] .
In the present study, of 85 patients who underwent NBI cystoscopy, 37 were found to have suspicious areas. Among these, 13 had cancer. In other words, the probability of cancer was 35.2% when additional lesions were discovered with NBI. Thus, the use of WLC alone can miss some cancers. Of the Values are presented as number only or number (%). WLC, white light cystoscopy; NBI, narrow-band imaging; CIS, carcinoma in situ.
a :Kaplan-Meier analysis was used to compare 1-year recurrence-free rate.
Recurrence-free rate 
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64 additional tumors detected by NBI, 27 were found to be cancers, for a detection rate of 42.2%. This suggests that NBI can detect more tumors than WLC (Fig. 3) .
However, whether this increase in the detection rate results in a decrease in the recurrence rate is unclear. Some previous studies concluded that NBI did not reduce the recurrence rate.
A multicenter, prospective study by Naito et al. [13] published in April 2016 comparing the rate of recurrence at 1 year in NBI and WLC groups showed a significant difference only in low-risk patients. A significantly lower rate of recurrence was found in low-risk patients (pTa, grade 1, <30 mm, and no CIS) in the NBI group than in the WLC group after 3 months (0% vs. 15. 1%, p=0.006) and 12 months (5.6% vs. 27.3%, p=0.002) of follow-up. Recurrence rates at 12 months were 27.1% (n=109) and 25.4% (n=104) in the WLC and NBI groups, respectively (p=0.585). The authors suggested that NBI can reduce the recurrence rate by increasing the detection rate in low-risk patients. However, increasing the detection rate in intermediate-or high-risk patients does not significantly decrease the recurrence rate. Several other studies have shown that recurrence rates can be reduced with NBI. A randomized, prospective trial by Naselli et al. [17] concluded that TUR performed using NBI reduces the recurrence risk of NMIBC. In this study, 1-year recurrence rates were compared in NBI and WLC groups. One-year recurrence was observed in 25 of 76 patients (32.9%) in the NBI group and in 37 of 72 patients in the WLC group (51.4%) (odds ratio, 0.62; p=0.0141). Thus, the rate of recurrence was about 10% lower in the NBI group. Kobatake et al. [18] also reported similar results. The 1-year rate of recurrence was 21. 1% (12/57) in the NBI group and 39.7% (31/78) in the WLC group. There was a statistically significant difference (p=0.028).
A systematic review and meta-analysis by Kang et al. [11] in 2017 evaluated six studies to determine whether NBI could reduce the risk of recurrence [17] [18] [19] [20] [21] . NBI-TUR for NMIBC was associated with a significant benefit at 3 months (relative risk Other than meta-analysis, the most recent studies on NBI in Korea include an article published by Song et al. [22] in 2016. In that study, a total of 63 patients were included. After TURBT by WLC, NBI was used to confirm additional tumors. As a result, NBI showed higher sensitivity (100% vs. 94. 1%, p>0.999) and lower specificity (50% vs. 86.9%, p>0.001) than WLC .
In this study, the recurrence-free rate tended to be higher in the NBI group, although the results were not statistically significant. The 1-year rate of recurrence was 27.8% in the WLC group and 14.8% in the NBI group, showing a higher tendency for recurrence in the WLC group. Consequently, an increased rate of detection may seem obvious, but more research is needed to determine whether this leads to an increase in the recurrence-free rate.
A multicenter study published by Drejer et al. [23] in 2017 showed that NBI had higher sensitivity than WLC, and changed the relevant clinical decision in 18 cases (1.9%). In this study, 1 additional cancer (CIS) was detected using NBI in 1 patient (1.18%, 1/85). For this patient, use of NBI found the cancer that was overlooked using only WLC and changed the clinical decision.
NBI is convenient to use. Similar to NBI, PDD provides an enhanced view of bladder cancer. However, PDD requires instillation of a photosensitizing agent into the bladder prior to surgery. NBI, on the other hand, can be performed by pressing a button during WLC. In addition, as shown in this study, there was no significant difference in operative time between NBI and WLC (p=0.864). These methods can be used easily and conveniently during outpatient follow-up.
There were some limitations in this study. First, this was a single-surgeon study. Thus, WLC was followed by second-look NBI performed by the same researcher. When a researcher diagnoses the tissue as cancer through cystoscopy, another researcher can see the same tissue and not diagnose it as cancer. A surgeon's experience and technical abilities may affect all clinical outcomes (including recurrence) after TURBT of a new NMIBC [7, 24, 25] . A multicenter, multisurgeon, large-scale prospective study may be needed.
Second, an insufficient number of patients were followed for more than 1 year, and no statistically significant difference was observed in survival rates. However, the recurrence rate tended to be lower in the experimental group. As in some other studies, we tried to compare the recurrence rates according to risk, but the number of patients was too small to allow statistical inferences. It is likely that more data will enable meaningful conclusions.
Third, the sensitivity and specif icity could not be compared between groups because normal bladder tissue was not collected to prevent injury when determining detection rates. This resulted in higher sensitivity and lower specificity in the NBI group in other studies. Further studies are needed to determine false-negative rates in normal bladder tissue.
CONCLUSIONS
NBI was able to detect additional tumors in 35.1% of patients (13/37), and detected 42.2% of tumors (27/64). Although the 1-year recurrence-f ree rate showed no statistically significant difference between the NBI and WLC groups, the rate tended to be higher in the NBI group. The results of this study have demonstrated the utility of NBI cystoscopy for NMIBC.
